1*0 to 107. 8) . No father (of a case or control) had accumulated a recorded dose of more than 5 mSv before his child was conceived, and no father had been monitored at any time in the four years before his child was conceived. A dose-response relation was not evident among fathers who had been monitored.
Conclusions-These results suggest that the children of fathers who had been monitored for exposure to external penetrating ionising radiation in the nuclear industry may be at increased risk of developing leukaemia before their fifth birthday. The finding is based on small numbers and could be due to chance. If the relationship is real the mechanisms are far from clear, except that the effect is unlikely to be due to external radiation; the
Introduction
We previously found an increased incidence of childhood leukaemia in the West Berkshire and Basingstoke and North Hampshire District Health Authorities during 1972-85. ' The excess was concentrated in children under 5 years who were living within 10 km of the atomic weapons establishments at Aldermaston and Burghfield. We report here the results of a case-control study set up to investigate whether the excess was related to parents' employment in the nuclear industry.
Subjects and methods
The study was carried out in the West Berkshire and the Basingstoke and North Hampshire District Health Authorities. Information about children under 5 years old living in the study area who had leukaemia or nonHodgkin's lymphoma diagnosed between 1972 and 1989 was ascertained from multiple sources. Children with non-Hodgkin's lymphoma were included because of the current understanding, based on immunological studies, that acute lymphoblastic leukaemia and nonHodgkin's lymphoma represent opposite ends of the same spectrum of disease.23 Most cases were notified by consultants at the Royal Berkshire District Hospital, the Basingstoke District Hospital, and hospitals in the surrounding districts. General practitioners within the study area also provided details of children with cancer. In addition, listings of children with leukaemia or non-Hodgkin's lymphoma were obtained from the childhood cancer research group's national registry of childhood tumours.4 All diagnoses were histologically confirmed.
We studied only children who were born and had cancer diagnosed in the study area. The mothers of 56 of the 71 children diagnosed during 1972-89 were living in the study area at the time of their child's birth. Two of these 56 children are not included in the analyses; both died in the early 1970s shortly after having non-Hodgkin's lymphoma diagnosed, and we were unable to verify their parents' names or dates of birth.
Six control children were selected for each case: two from birth registers maintained by the NHS central register and four from delivery registers in the two district hospitals in the study area.
The two birth registry controls were chosen by staff employed at the central register in Southport. The entry for the case was located in the birth register and the first preceding and the first succeeding entries were selected who matched the case with respect to sex, date of birth (plus or minus six months), district of birth registration, and family health services authority of the child's first general practitioner. Controls were further matched with cases for residence in the study area at time of diagnosis. Control children who were found to have died or to have moved out of the study area before their matched case had cancer diagnosed were replaced.
Mother's address is not recorded in the birth registers maintained by the central register. To allow matching for proximity of mother's residence to a nuclear establishment at the time of her child's birth a further series of controls was selected from locally held hospital delivery registers. Mother's address as recorded in the delivery register was used to assign births to 5 km bands round the nuclear establishments in the study area, and controls were chosen from the same 5 km band as their associated case. These 5 km bands correspond to the boundaries used in our previous analyses.' Selecting controls from delivery registers also enabled matching for mother's age (plus or minus five years), child's sex and date of birth (plus or minus six months), district health authority of birth, and residence in the study area at the time of diagnosis. Controls selected from the delivery register were chosen by locating the birth entry of the case and selecting the two closest preceding and the two closest succeeding entries fulfilling the matching criteria. For the 10 case children who were not born in matemity units within the study area (eight were born at home and two in hospitals in adjacent health authorities) the place in the register where the birth would have been entered was located and controls were chosen as above.
Children were considered ineligible to be controls if they were a twin, were adopted, or had a serious congenital defect. Controls whose mother had died (two) or was unavailable because of ill health (one) and controls whose father could not be identified (eight) were also considered ineligible. As control families were traced through their general practitioner with the facilities offered by the central register, families who emigrated before the study began (five) and those whose current family health services authority was not recorded (five) or incorrectly recorded (11) Population Censuses and Surveys 1980 classification scheme.5 Father's occupation was assigned to one of eight groups on the basis of knowledge of the industries in the area and of previous reports of association between parental occupation and childhood cancer."
Parents of cases and controls were interviewed by a trained nurse interviewer using a structured questionnaire. Separate questionnaires were used for mothers and fathers. A full residential and occupational history, including specific questions about employment at nuclear establishments, was recorded for each parent. To improve the quality of information obtained at interview, a form asking parents to list the places in which they had lived and the jobs they had had was sent out in advance of the interview. Parent's social class and occupation was coded in the same way as the information on birth certificates. During the interview, mothers and fathers were also asked to confirm their own names and dates of birth and about their own health and habits. Additional questions about pregnancies, the index child, and other children in the family were incorporated in the mother's questionnaire. Because of the seriousness of the disease, interviewers knew whether they were approaching the parents of a case or control child.
The parents of three case children did not wish to be interviewed, and interviews with the corresponding controls of these children were not arranged. All mothers of the remaining 51 case children were interviewed but two fathers were not ( Results Table II gives the characteristics of children who had leukaemia or non-Hodgkin's lymphoma diagnosed during 1972-89 and who were born in the study area and resident there when their cancer was diagnosed. Fifty children had leukaemia diagnosed (39 had acute lymphoblastic leukaemia and 11 other forms of leukaemia) and six had non-Hodgkin's lymphoma. Of the 11 children with other forms of leukaemia, seven had acute myeloid leukaemia, two chronic granulocytic leukaemia, and two undifferentiated leukaemia. Two of the children with acute myeloid leukaemia, and both of the children with undifferentiated leukaemia, had Down's syndrome. The numbers of children diagnosed and born each year fluctuated, but the numbers were small and there was no noticeable trend with time.
At the time of their child's birth, the parents of case and control children were similar with respect to their age, distance ofresidence from a nuclear establishment, and social class (table III) . As expected, the matching to cases was best for controls selected from delivery registers. In the analyses which follow relative risks were estimated by using data from all available controls. Analyses were also performed with birth register and delivery register controls separately. The findings were similar, although the number of controls per case was small.
EMPLOYMENT BY NUCLEAR INDUSTRY
Fathers of children with leukaemia or non-Hodgkin's lymphoma were more likely than fathers of control children to have been employed by the nuclear industry, but the excess was not significant. Linkage to nuclear industry databases identified four (out of 54) case fathers and 10 (out of 324) control fathers who were employed at some time before their child had cancer diagnosed (relative risk 2-5, p=0-25; table IV). All four fathers of case children and nine of the 10 fathers of control children were employed by the industry before their child was conceived (relative risk 2-8, p=0 20) .
Employees who work in areas where exposure to ionising radiation is possible are issued with personal film badges or other dosimeters to monitor their exposure. The risk of leukaemia or non-Hodgkin's lymphoma was significantly increased in children whose fathers had been thus monitored: four fathers of cases and three fathers of controls had been issued with monitoring devices before their child's illness was diagnosed (relative risk 8-0, p=0 02), and of these, three fathers of cases and two fathers of controls were monitored before their child's conception (relative risk 9-0, p=0-047).
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children who had other forms of leukaemia and none ofthe four who had non-Hodgkin's lymphoma had fathers with a record of employment at a nuclear establishment.
We found no association with mother's employment in the nuclear industry. One mother of a case and seven mothers of controls were employed by the nuclear industry before their child's diagnosis (relative risk 0-9, p=1-0). No mother of a case had worked at a nuclear establishment before her child's conception, and no mother had a record of being monitored for exposure to ionising radiation at any time before diagnosis (table V) .
In our study of the incidence of childhood leukaemia during 1972-85 the excess was concentrated in the 50 electoral wards in which half or more of the area was within 10 km of the atomic weapons establishments at Aldermaston and Burghfield.' All four case children whose fathers were monitored for exposure to ionising radiation were bom within this 10 km circle. When the analysis was restricted to only controls from the delivery register (who were matched to cases by distance of residence from a nuclear establishment) the risks associated with patemal monitoring before the child's diagnosis and before conception were 16-0 (95% confidence interval 1-6 to 788-0; p=0-013) and 12-0 (1 -0 to 630-0; p=0 054) respectively.
The questionnaire administered to parents included specific questions about work at nuclear establishments and monitoring for exposure to ionising radiation. All employees identified by linkage to industrial records also reported that they had worked in the nuclear industry and no additional parents reported having been an employee. Employees' reports of monitoring for exposure to ionising radiation agreed with the industrial records, except for one mother of a case who reported being monitored, but there was no record of this in the industry databases. Employees of outside contractors sometimes work on nuclear sites, and information about them is not held on nuclear industry's employee databases. Three additional parents reported that they worked on contract at nuclear sites and had been monitored for exposure to radiation before their child was diagnosed (one father of a case, after conception; one father of a control, before conception; one mother of a control, before conception). The risks estimated on the basis ofinformation recorded at interview were consistent with those estimated on 34 (92%) cases and 140 (71%) controls were interviewed and are included in both analyses. The relative risks estimated on the basis of data collected at interview and on the basis of data from obstetric notes are generally similar. The only significant association was an increased risk of leukaemia and non-Hodgkin's lymphoma associated with first pregnancy. No differences were detected between case and control parents with respect to their own health or the numbers of diagnostic radiographs they reported before their child was conceived, or habits such as swimming in local rivers or canals, or in the children's histories of being breast fed, their preschool activities, allergies, or viral infections.
Discussion
This study was set up to investigate whether the raised incidence of leukaemia in children aged 0-4 years in the West Berkshire and North Hampshire health districts, which was 60% above the national average in 1972-85, was related to parental employment in the nuclear industry.'2 The fathers of four and the mother of one of the 54 children who were born in and had leukaemia or non-Hodgkin's lymphoma diagnosed in the study area had been employed in the nuclear industry before their child was diagnosed (relative risk 2-2, 950/0 confidence interval 0-6 to 6 9). This excess was not significant and was insufficient to account for the increased rates of leukaemia in the area. After this study began, Gardner and colleagues reported the results of their case-control study of childhood leukaemia and non-Hodgkin's lymphoma around the Sellafield reprocessing plant.'6 1 They found that children of men who had been exposed to external penetrating ionising radiation before their child was conceived were at an increased risk of leukaemia. Our results can be interpreted as supporting Gardner and colleagues' finding in that the fathers of three (out of 54) cases and two (out of 324) controls had been monitored for exposure to ionising radiation before their child was conceived (relative risk 9 0, 1-0 to 107-8).
VALIDITY OF DATA BIAS AND CHANCE Although our result for paternal preconceptual exposure could be affected substantially by the play of chance because of small numbers, they are unlikely to be biased. Cases were ascertained from multiple sources, and it is doubtful that any were missed, although we cannot be certain. The exclusion of two children with non-Hodgkin's lymphoma (whose parents could not be traced) probably did not affect the results.
Information about parental employment and monitoring for exposure to ionising radiation was obtained from nuclear industry files and is likely to be complete and unbiased. The names and dates of birth of all parents of case and control children (regardless of whether or not they were interviewed) were cross checked against three databases of employees held by the nuclear industry, the completeness and accuracy of which are known to be high.9-'1 Employment and exposure records date from before the occurrence of leukaemia in the children, and the link to industry files was done by industry staff who did not know who were the parents of cases and who were the parents of controls. Not all parents were interviewed and self reported details on radiation exposure could be biased, so emphasis is given here to results obtained from industrial records.
The apparent excess of fathers monitored for radiation among children with leukaemia does not seem to be because the number of such fathers in the control group was unusually low by chance. On the basis of estimates of the size and composition of the nuclear workforces in the study area, national fertility rates, and local migration rates, we estimate that the expected numbers of control fathers who were employed and monitored for exposure to ionising radiation are in broad agreement with the numbers observed. Nevertheless, our results should be interpreted cautiously as they are based on only three monitored fathers and it is not possible to assess reliably how many of the three leukaemias, if any, were caused by paternal preconceptual exposure to some occupational factor.
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If the association between paternal preconceptual exposure to radiation and childhood leukaemia we found is not a chance finding, the effect is unlikely to be due to paternal exposure to the forms of external penetrating ionising radiation measured by monitoring devices. A more plausible explanation is that exposure to external radiation is a marker of exposure to some other hazard, such as internal contamination by a radioactive substance or a chemical."6 1819 The external doses recorded for the fathers in our study are orders of magnitude lower than the external doses received by survivors of the atomic bombs at Hiroshima and Nagasaki, whose children are not at an increased risk of childhood leukaemia. 20 No father (of a case or a control child) in this study had a recorded cumulative external exposure to penetrating radiation above 5 mSv before his child was conceived, and such low doses could accumulate from background radiation in about five years. Important differences between the exposures of atomic bomb survivors and nuclear industry workers are that nuclear industry workers are more likely to be contaminated internally by the ingestion, inhalation, or other intake of radioactive substances; to be exposed to other types of external radiation such as neutrons; and to be exposed to chemicals at work. Film badges monitor exposure to external penetrating and sparsely ionising radiation but not internal or other forms of radiation, and the fact of being issued with a film badge to monitor external penetrating radiation could, for certain workers, be a marker of exposure to other forms of radiation.
Insufficient is known about the radiobiological effects of many types of radiation and radioactive substances to which workers may be exposed, other than external penetrating radiation. Certain workers have been monitored for internal contamination by radionuclides and exposure to other forms of radiation such as neutrons since the 1950s, but this is not done routinely and monitoring methods can be unreliable.
COMPARISON WITH OTHER STUDIES
If being monitored for exposure to extemal penetrating radiation can be a marker of other exposures in the workplace, some of which might be hazardous, studies of the relation between men's exposure to extemal radiation and leukaemia in their children could yield apparently inconsistent results. Two other case-control studies have not found evidence of an increased risk of leukaemia in association with fathers' preconceptual exposure to extemal ionising radiation. This could be because exposure to the hazardous substance or substances did not occur in those populations or that being monitored for exposure to extemal radiation was not a marker of the relevant exposure.'92' The fact that Gardner et al found a dose-response relation between fathers' preconceptual extemal exposure to penetrating ionising radiation and childhood leukaemia and we did not could be because the cumulative dose was a marker of exposure to some hazardous substance or substances at Sellafield but not elsewhere.
Apart from the apparent relation with fathers' preconceptual exposure to ionising radiation, we found no other notable associations. The age and sex distribution ofchildren who had acute lymphoblastic leukaemia diagnosed in the study area conformed to expected pattems, with slightly more boys and a peak age at diagnosis of 3 years; the excess of Down's syndrome in young children with non-lymphocytic forms of leukaemia is as would be expected.2223 The relation with pregnancy order is also compatible with the results of other studies, although its meaning is unclear.2126 Among the 50 children diagnosed with leukaemia, no suggestion of an unusual distribution of leukaemic subtypes was found, although diagnostic information in the form of chromosome studies and cell markers became available only in recent years. The malignancies of children whose fathers were monitored for exposure to ionising radiation did not seem to be atypical: all had acute lymphoblastic leukaemia, their ages at diagnosis were not unusual, and the time of their diagnosis was not concentrated in any particular period.
CONCLUSIONS
The findings from this study, taken together with those of Gardner et al, suggest that the children of certain men who are monitored for exposure to extemal ionising radiation in the nuclear industry might be at an increased risk of leukaemia. Because Nifedipine is reported to be particularly effective as an antihypertensive agent in low renin hypertension.' Because of the predominance of low renin hypertension among black Kenyan patients we compared the efficacy of propranolol plus diuretic, a standard treatment in Africa,2 with nifedipine plus diuretic in Kenyan patients whose blood pressure was not controlled by diuretic treatment.
Patients, methods, and results
Thirty seven black Kenyans aged 30-69 attending a hospital clinic for hypertension were admitted to this double blind crossover trial. All treatment was withdrawn for a minimum of two weeks, after which inclusion in the trial depended on a diastolic blood pressure > 105 mm Hg. This was followed by four weeks of treatment with a diuretic (hydrochlorothiazide 25 mg once daily), when those whose diastolic blood pressure fell below 90 mm Hg were withdrawn from the trial. Patients were then randomly allocated, in balanced blocks of four, to six weeks' treatment with either diuretic plus slow release nifedipine 20 mg twice daily or diuretic plus propranolol 80 mg twice daily. After another four weeks of treatment with diuretic alone the study treatments were crossed over.
Blood pressure was measured with a random zero sphygmomanometer by one of three observers whose technique had been standardised beforehand. At each visit blood pressure was recorded twice after five minutes' lying down, a radial pulse being measured between readings, and blood pressure and radial pulse were recorded after two minutes' standing. Patients were seen every two weeks throughout the trial. At the start of the trial and at the end of each stage patients were weighed and full biochemical blood screens, including plasma renin activity, were carried out. Plasma renin activity was estimated (after standardised sampling) by radioimmunoassay of angiotensin I generated by incubating plasma for four hours. Results were analysed with Student's t test for paired data and Hills and Armitage's method for analysing data from crossover trials. 3 Five patients were withdrawn after responding to diuretic treatment alone. Another patient withdrew because of work commitments, and two were withdrawn while taking propranolol (one patient's diastolic blood pressure rose above 125 mm Hg and one had symptoms suggesting heart failure). Of the 29 remaining patients, 16 initially took nifedipine plus diuretic. This combination produced significantly lower systolic and diastolic blood pressures than propranolol plus diuretic (p < 0 05) (table). Both combinations of drugs significantly reduced blood pressure compared with diuretic alone (p < 005).
There were no significant changes in the patients' mean weight and serum creatinine and sodium concentrations throughout the trial. Serum uric acid and blood urea concentrations rose and serum potassium fell significantly during diuretic treatment, suggesting good compliance (confirmed by pill counts and the changes in pulse rates). Plasma renin activity was low and changed with treatment (table). Twenty two patients' lying mean arterial blood pressure and 19 patients' standing mean arterial blood pressure fell more with nifedipine than with propranolol. Although those whose blood pressure fell more when nifedipine was added to diuretic had a lower mean plasma renin activity (047 (SD 060) nmolWh), these differences were not significant (t test). One patient was withdrawn because of side effects (see above), but, otherwise, side effects were few. No patients complained of severe headaches or flushing while taking nifedipine.
